Abstract: Using retail purchase data reported by Nielsen's Homescan panel this study investigates the U.S. demand for organic and conventional fresh fruits. The study fills an important research void by estimating the much needed income and price elasticities for organic and conventional fruits utilizing a censored demand approach. Household income is found to affect organic fruit consumption. Consumers are more responsive to price of organic fruits than to price of conventional fruits. Cross-price effects suggest that a change in relative prices will more likely induce consumers to -cross-over‖ from buying conventional fruits to buying organic fruits, while it is less likely that organic consumers will -revert‖ to buying conventional fruits.
Introduction
Demand for food and agricultural products increases as our population continues to grow and expand. The world is facing an ever increasing pressure to develop and adopt another green revolution for meeting its food requirements to feed the population without depleting Earth's resources, polluting its environment, or causing irreversible damages to the health of our ecosystem. There are many technologies that have emerged as promising sustainable agriculture practices that could possibly meet expected demand with improved environmental protection. Organic agriculture has been touted and promoted as a farming system that is consistent with the goals of sustainable agriculture and offers many environmental benefits through its management practices that enhance biodiversity, restore and maintain the natural ecological harmony.
Over the past decade, organic food sales grew rapidly from $3.6 billion in 1997 to $18.9 billion in 2007 [1] , as they have become increasingly affordable and available in mainstream grocery stores. There is a widespread belief that organic food is substantially healthier and safer than conventional food, and these notions are fundamental for consumers' purchasing of and their willingness to pay price premiums for organics [2] [3] [4] [5] . The recent growth in organic sales reflects public concerns over pollution, food safety, health and nutrition, as well as increasing awareness to support a sustainable agricultural system. As a result, organic farming has expanded rapidly bringing additional farmland into production that doubled certified organic land over 2001-2005 from 1.9 to 4.1 million acres [6] . However, marketable yields from organic enterprises are typically lower than what could be realized in conventional farming. Although the increasing shift from production to environmental and social goals favors organic agriculture, the substantial lower organic productivity could be a potential impediment for the industry to achieve a greater economic sustainability. No agriculture is sustainable if it is not also profitable. To that end, American consumers have been willing to pay price premiums of at least 20 to 60 percent for organic produce [7] to help make organic agriculture economically viable.
There is a rich literature on consumer perceptions and preferences toward organic foods [8] . However, few studies have estimated demand elasticities for organic foods [9, 10] . In his review of organic demand literature, Thompson [11] concluded that -Attitudes, motives, and willingness to pay for organic products have been measured, but apparently no retail data have been available to estimate own-price, cross-price, and income elasticities.‖ While the empirical literature on organic demand has been lacking, there is a notion in the trade circle that price and income do not necessarily track organic sales [12, 13] . Lack of influence exerted by price and income on organic purchases appears to contradict each other. In early development of the organic food market, organic sales concentrated in niche markets, such as natural and specialty food stores, which typically serve higher income consumers [14] . Affluent consumers may place a high value on the health and environmental benefits of organic food and hence willing to pay the premium-price does not matter but income does. As organic foods penetrate into mainstream supermarkets, they become available to a much larger consumer base of less affluent and price conscious customers. As a result of the phenomenal growth in the organic sector during the past decade, the roles of price and income in organic sales may have evolved.
This study is our first attempt to fill this research void by focusing on the demand for organic and conventional fresh fruits. The separation of organic and conventional fruits enables us to test the hypothesis that consumer demand for organic fruits differs from that of conventional fruits. We utilize a censored demand system to address the issue that a majority of consumers do not buy organic fruits. As discussed in the data and method section, the estimation complexity restricts the number of food categories in a censored demand system. Consequently, we specify a demand system with 12 categories of organic and conventional fruits, excluding other food categories such as vegetables. In 2007, fruits and vegetables by far comprised the largest retail sales value, accounting for 37 percent of the total organic food sector ($6.9 billion out of $18.9 billion) [1] . About 92% of the organic produce sector can be attributed to fresh produce [15] . According to the U.S. Bureau of Labor Statistics' Consumer Expenditure Survey, spending on fresh fruits has accounted for 50-52% of total U.S. fresh produce spending over 1997-2007 [16] . It is important to note that the determinants of food demand vary by food sectors. For example, it has been documented that aging tends to decrease the demand for fruits, fried potatoes, and tomatoes but to increase the demand for other vegetables [17] . Such variation is likely to extend into the demand for organics. Therefore, it is important to point out that our findings of the changes in consumers' demand for fresh organic and conventional fruits under different income and price conditions may or may not apply to other organic food sectors.
Results and Discussion
Our estimation of fruit demand is based on retail purchase records reported by Nielsen's Homescan panelists in 2006 (see the data section for details). The demand system includes equations for 12 fruit categories-five major conventional and five major organic fruits (apples, bananas, grapes, oranges, and strawberries) and two catch-all categories for other conventional and other organic fruits. The sample contains large proportions of households who did not purchase fresh organic fruits (Table 1) . The proportion of households consuming organic fruits is relatively small: oranges (2.8%), grapes (3.2%), strawberries (3.8%), apples (8.2%), bananas (11.1%), and other organic fruits (12.1%). Consumption of fresh conventional fruits is much higher, ranging from 68.2% for oranges to 93.1% for other fruits. The definitions and sample statistics of demographic variables included in estimating the demand for organic and conventional fruits are presented in Table 2 . Because many sample households did not purchase organic fruits, we estimate a censored demand system (see the data and methods section for details). In the first step, a probit model was estimated to predict the likelihood that a household would purchase each fruit category. The prediction results are then incorporated in the second-step demand equations. For brevity, we report the probit results for organic fruits only, focusing on the roles of income and prices in affecting the purchase of organic fruits in discussing our results. 
The Role of Income
The effect of income on the purchase of organic fruits can be traced in three parts. First, income may affect the decision to purchase organic fruits (the participation effect). Second, it is expected that spending on fresh fruits rises with income (the Engel curve effect). Third, as the spending on fresh fruits increases, so does the spending on organic fruits (the expenditure elasticity). The participation effect is investigated by the probit model, as a part of the censored demand system. The censored demand estimation also produces expenditure elasticity estimates. The Engel curve effect is investigated by a separate regression in which spending on fresh fruits is regressed on income and household sociodemographic characteristics.
Household income, education, region, and employment status of a female head are found to have significant effects on the likelihood of purchasing some organic fruits (Table 3) . Specifically, households with higher income are more likely to purchase three organic fruits-apples, strawberries, and other fruits. No significant relationship between income and the purchase of organic bananas, grapes, or oranges is found. Note: Asymptotic standard errors are in parentheses. Levels of statistical significance: *** = 1%, ** = 5%, and * = 10%.
Households with higher educational attainment are more likely to purchase organic apples, bananas, strawberries, and other fruits. Households residing in the Eastern, Central, and Southern regions are all less likely to purchase some organic fruits (oranges, strawberries, and other fruits) than households in the Western region.
The Engel curve relationship between income and total spending on fresh fruits is found to be positive at the 1% significance level (Table 4) . Using the mean values for income (424% of the Federal poverty level) and spending ($123 per year), a 1-percent increase in income on average is found to increase the spending on fresh fruits by 0.19 percent. As will be discussed later, a 1-percent increase in the spending on fresh fruits would result in an increase of 0.81 to 1.03 percent in the spending of organic fresh fruits (the expenditure elasticities). Multiplying the expenditure elasticities by the 0.19-percent Engel Curve effect would result in the estimates of the increase in organic fruit spending as the income rises by 1 percent. Household spending on fresh fruits is also found to rise with household size, educational attainment, and age of the household head. Total spending on fresh fruits varies by race (Hispanic and oriental households spend the most, whereas Black households spend the least) and by region (the Western region spends the most). Note: Levels of statistical significance: *** = 1%, ** = 5%, and * = 10%.
Demand elasticities computed from the censored demand system are presented in Table 5 . Parameter estimates for the censored demand system are not reported; they are available upon request. All expenditure elasticities are positive at the 1% significance level, ranging from 0.81 for organic bananas to 1.03 for organic oranges and from 0.98 for conventional bananas to 1.01 for other major conventional fruits. The results show that the expenditure elasticities for organic and conventional fruits tend to be unitary, implying that given an increase in the spending on fresh fruits, consumers would allocate approximately the same proportional increase to their purchase of conventional and organic fresh fruits. In summary, households with higher income are more likely to purchase some organic fruits and spend more on fresh fruits as a whole, as well as on individual organic and conventional fruits. Therefore, our results appear to refute the notion that income does not track spending for organic fresh fruits, a major player in the organic food sector.
The Role of Price
The own-price demand elasticities are negative at the 1% significance level for three organic fruits (apples, bananas, and grapes) and all six categories of conventional fruits ( Table 5 ). The own-price elasticities for organic oranges and strawberries, as well as other organic fruits are negative, but they are not significant. Among those with significant own-price elasticities, the demand for organic fruits is found to be price elastic, whereas the demand for conventional fruits is price inelastic. Specifically, our estimates of organic own-price elasticities are -1.06 for apples, -3.19 for bananas, and -3.54 for grapes. The results suggest that as prices of these organic fruits decline by 1%, we would expect demand to increase by 1.06% for apples, 3.19% for bananas, and 3.54% for grapes.
The finding of a highly elastic demand for organic fruits is to be expected given that organic produce typically commands a price premium [7] with a small market share. There is no empirical study that reports price elasticities for organic fruits. Glaser and Thompson [9] reported own-price elasticities for four organic frozen vegetables (broccoli, corn, green peas, and green beans) ranging from -1.63 to -2.27.
Our results also suggest that the demand for conventional fruits is price inelastic with elasticities of -0.49 (grapes), -0.50 (strawberry), -0.57 (oranges), -0.70 (bananas), -0.83 (apples), and -0.85 (other fruits). In a recent study on the demand for conventional fresh fruits, Brown and Lee [18] reported similar elasticities of -0.52 for apples, -0.54 for bananas, -0.56 for grapes, and -0.67 for oranges.
There are 66 pairs of cross-price elasticities estimated among the 12 categories of organic and conventional fruits. Half of the cross-price elasticities, or 34 pairs, are statistically significant at the 10% significance level or lower. Positive (negative) cross-price elasticity indicates that the demand for a fruit rises when the price of a different fruit rises (falls), suggesting the two fruits are gross substitutes (complements). Complementary relationships are found more often than a substitution relationship between most organic and conventional fruits. Among the six organic fruits, there are 8 significantly positive and 10 significantly negative cross-price elasticities. In contrast, the results show that almost all conventional fruits are complements to each other; only conventional strawberries have a significant substitution relationship with other conventional fruits. As with the own-price elasticities, all conventional fruits have inelastic cross-price elasticities, while organic cross-price elasticities are larger in magnitudes and more responsive to price changes of other organic fruits.
As shown in Table 5 , among the 10 significant cross-price elasticities between organic and conventional fruits, six are positive and four negative. This result implies that consumers tend to increase their purchases of organic fruits when there is an increase in the price of conventional fruits. On the other hand, there are seven positive and seven negative significant cross-price elasticities between conventional and organic fruits. The results suggest that consumers are more likely to substitute organic fruits for conventional fruits than the other way around. It must be noted that among the significant cross-price elasticities, most organic fruits are substitutes for conventional fruits whereas organic fruits could be either substitutes or complements for conventional fruits. The finding is to be expected given that organic fruits are priced higher than conventional fruits, making it easier to switch from conventional to organic fruits when organic fruits become relatively inexpensive and the prices of conventional fruits increase.
Additionally, the magnitudes of the cross-price elasticities between conventional and organic fruits are larger, in general, than those between organic and conventional fruits, suggesting that changes in the prices of conventional fruits will induce proportionally larger responses to organic fruits than to conventional fruits as organic prices change. In other words, purchases of organic fruits are more responsive to changes in prices of conventional fruits than changes in purchase of conventional fruits as organic prices change. Glaser and Thompson [9] also observed a similar asymmetry in cross-price responses, although they found only two pairs of significant cross-price elasticities between corn and organic and conventional broccoli. They suggest that this asymmetry would imply that a change in relative prices will more likely cause consumers of conventional fruits to -cross-over‖ to buy organic fruits, while the reverse is less likely to happen such that organic consumers will -revert‖ to buy conventional fruits.
Data and Methods

Nielsen Homescan Panel-Retail Purchase Data
The Nielsen Homescan panel consists of households that provide food purchase data for at-home consumption and is representative of the United States. Each household is supplied with a scanner device that the panelist uses at home to record grocery items purchased at all retail outlets with the Uniform Product Code (UPC). A subsample of the households called the ‗Fresh Foods Panel' is supplied with a code book from Nielsen that allows the panel to record non-UPC items, or randomweight foods, in addition to UPC-coded or packaged fresh foods. This subsample is vital to the analysis of fresh fruits. In 2006, the Fresh Foods Panel included 7,534 households who reported purchases of food products sold with a UPC, such as packaged fresh fruits, and as random weight (i.e., loose fruit) at retail outlets. For UPC-coded food products, organic produce can be identified by the presence of the USDA organic seal or organic claims created by Nielsen. For random-weight items, Nielsen uses a coding system which identifies organic produce. Homescan panelists do not report prices paid for each food item; they report total quantity purchased and amount paid for that quantity. Therefore, the price is represented by a unit value, which is derived by dividing total expenditure, net of any promotional or sales discounts, by the quantity purchased. The Homescan data also include product characteristics and promotional information, as well as detailed socio-demographic information of each household.
For this study, household purchase records of fresh produce, in general reported weekly, were aggregated to the annual level. Among the 7,534 panelists, 7,237 participated at least 10 months in 2006. After deleting observations with missing information on important variables and observations with outliers such as those with extreme values in prices (i.e., 6 standard deviations from the sample mean of each price), a final sample of 6,696 observations was used in the estimation of the censored demand system and the Engel Curve effect.
Demand System Specification and Econometric Procedure
Our empirical analysis is based on the assumption that organic and conventional fruits are separable from all other consumer goods. We use the Translog demand system [19] for n fruit products, in expenditure shares (s i ) form:
where p 1 , ..., p n are prices, M is total fresh fruit expenditure, and ), / log(
which is the sum of the numerator, with the restriction that . 
The linear demographic specification was also followed in other studies with the Translog demand system [20] and the linear approximate almost ideal demand system [21] . The parameters to be estimated are
and ij  . Such demographic specifications for the n -1 equations (only) are explained below.
As noted above, the sample contains a large proportion of households who did not purchase certain fruit products during the sample period. Such censoring of the expenditures has to be accommodated to obtain consistent estimates of demand parameters and elasticities. While a number of maximumlikelihood (ML) estimators are available in the literature [20, [22] [23] [24] , the large demand system with many zeros makes ML estimation computationally difficult, with nearly 85% of the sample calling for 6 or higher-level integration of the normal probability density. The two-step censored system estimator [25] , more formally motivated with a multivariate sample selection model [24] , provides a practical solution to the problem.
be a vector of explanatory variables and θ a vector containing all parameters (α's and β's), and consider an n-equation system in which each expenditure share w i is generated by a deterministic function f i (x;θ) constituting the right hand side of the share equation (1), and an unobservable error term i e . Each equation is subject to the sample selection The expenditure shares in equation (4) do not add up to unity unless ,
that is, when none of the dependent variables are subject to sample selection. We follow the simple approach suggested in Yen and Lin [24] , by estimating the first n  1 equations with the nth good treated as a residual category [27] . The resulting estimates are not invariant with respect to the equation excluded. Yen and Lin [24] however demonstrated in an application to food consumption in China that excluding alternative equations from the system did not cause discernable differences in the elasticity estimates. [23] . However, with a large system of n = 12 equations, the ML procedure would require estimation of a much larger number of parameters than the two-step procedure and evaluations of 11-level probability integrals for all sample observations which is not feasible (even with a simulation estimation procedure) with the large sample size for the current application. In the current application we estimate n -1 = 11 equations, all of which subject to sample selection, which requires estimation of a 22  22 covariance matrix with 253 elements. A practical alternative is to estimate the system with a two-step procedure, motivated by the unconditional mean of the expenditure shares
where () and () are univariate standard normal probability density and cumulative distribution functions, respectively, and
is the covariance between the error terms (u i ,e i ) of the ith selection and level equations. The unconditional means follow from the bivariate normality of the error terms (u i , e i ) for i = 1,..., n-1, and suggest a two-step estimation procedure which, as initially suggested in Shonkwiler and Yen [25] for a linear system, consists of two steps: (i) a probit estimation based on a binary outcome for d i = 1(w i > 0) to obtain ML estimates i ˆ for each i; and (ii) estimation of the augmented nonlinear system
with ML or a method of moments procedure such as the iterated seemingly unrelated regression, where i  is a composite and heteroscedastic error term, and
are additional parameters to estimate (in addition to θ). This two-step procedure is less efficient than the ML procedure in Yen and Lin [24] but produces statistically consistent estimates for θ and ( 1 ),
. Demand elasticities for the first (n -1) goods can be derived by differentiating the unconditional means (6), and elasticities for the nth good by using the adding-up restriction [20, Footnote 9].
Conclusions
As the organic industry continues to grow and evolve, it faces many production and marketing challenges, including the consequences of its own success. Economic opportunities and potential profitability may result in production expansion, by inducing new players into production as well as encouraging existing producers to expand their production. Meanwhile, rising concerns about diet, health, and environment as well as the ups and downs of the economy will affect consumers' demand and their willingness to pay for organic foods. A better understanding on the nature of the demand for organic produce together with the supply response is essential to gauge future growth of organic agriculture. The study fills a critical empirical void in the extant literature pertaining to the demand for organic foods. Most previous studies on organic demand have focused on consumer attitudes and willingness to pay for organic foods, primarily due to the lack of available retail purchase data. Although the demand for organic foods has grown rapidly, the organic market share at the retail level remains relatively small, at 3.3% of the $575 billion US foods market in 2007, excluding food service [1] . According to the Nielsen Homescan panel data, the proportion of households that purchase organic fruits in 2006 varies from 2.81% for oranges to 11.14% for bananas (12.08% for the catch-all other fruits). In this study, we examine consumer demand for selected major organic and conventional fruits by estimating a censored demand system. By investigating the interrelationship between consumption of organic and conventional fresh fruits, this study presents the much needed price elasticities for organic fruits as well as those cross-price elasticities between organic and conventional fruits.
Results obtained from this study provide several important market implications to assist producers, retailers and policy-makers in planning future development and growth of organic foods in the US. Our study shows that many socio-demographic characteristics are significant factors in affecting the probability of purchasing organic fruits. Specifically, households in the Western region, married households, and households with unemployed female head, college education and higher income were found to be more likely to buy some kinds of organic fresh fruits than their counterparts.
In addition to the positive effect of income on the likelihood of buying organic fresh fruits, income is found to positively affect spending on fresh fruits and on some organic fruits. Even though the scope of our study is limited to fresh organic fruits and not the comprehensive organic food sector, the finding of a positive relationship between income and organic demand suggests that simple correlation analysis of the relationship could be misleading. Future study on the issue should be encouraged.
As to be expected, our elasticity measures suggest that consumers are quite sensitive to own-price changes in fresh organic fruits. The organic own-price elasticities are found to be highly elastic ranging from -1.06 to -3.54 as compared to the range of -0.49 to -0.85 for conventional fresh fruits. Our finding that consumers are more responsive to changes in prices of organic fruits than that of conventional fruits is consistent with a previous study which found own-price elasticities for organic frozen vegetables to be generally two to three times larger than their conventional counterparts [9] .
There is strong statistical evidence of asymmetric cross-price effects between organic and conventional fruits. This asymmetry in cross-price elasticities implies that a change in relative prices will more likely cause consumers of conventional fruits to -cross-over‖ to buy organic fruits, while the reverse is less likely to happen such that organic consumers will -revert‖ to buy conventional fruits.
A few caveats exist. First, due to the small proportion of consuming households, demand was aggregated at the annual level and therefore, some information (such as seasonal variation) is lost during such aggregation. Further studies might consider estimation of the demand system with monthly or weekly data as organic food products become more popular. We also note that by focusing on organic and conventional fruits, the system estimated is a partial demand system. Last but not least, future studies might consider estimating demand for a broader group of conventional and organic food products.
